The paper analyses India's publications output in three major international multidisciplinary databases, as indexed during . It reports on India's comparative strength in world science and technology (S&T) output, its growth and decline, its strong and weak subject areas of research, media of communication, its collaborative profile and quality of S&T output, institutional productivity and quality, and dynamics of Indian research at institutional and sectoral levels. The study also provides suggestions for improving the quantity and quality of research S&T in India.
INTRODUCTION
At the time of independence, the S&T base of the country was small. Today, it is much wider comprising more than 300 universities, 400 R&D institutions, 13 institutes of national importance, 1300 in-house industrial R&D units, and number of private and non-profitable organisations covering several disciplines. There has been steady rise in the government support to S&T from Rs 760.5 crore in 1980-81 to Rs 16, 361 crore in 2005-06. Despite its glorious record of achievements in several areas of S&T, the pace of growth of the scientific enterprise (particularly in terms of scientific output) in India has been slow compared to many other countries. Several past studies conform this finding. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] There is an urgent need to relook at this issue in the context of recent publications data on India science.
OBJECTIVE
The main objective of this study is to ascertain India's status in S&T research by analysing its published research output as reported in journals. In particular, it seeks to understand its growth and decline in S&T research, its world share, its strong and weak subject areas of research, media of communication, its collaborative profile and quality of S&T output, institutional productivity and quality, and dynamics of Indian research at institutional and sectoral levels. Such a study is significant in providing the planners and policy makers quantitative data as required for microanalysis of current trends in S&T research and identifying thereby directions that the country should take to move ahead in S&T research as a global leader.
METHODOLOGY AND DATA SOURCE
The past scientometric studies that reported stagnation/decline in Indian science, were based mainly on Science Citation Index (SCI) database. The coverage of Indian journals in the SCI database is small, limited to select few journals, even though India publishes more than 1500 peer-reviewed journals. For better assessment of Indian science, SCIE Edition of Web of Science was used. It provides wider coverage of Indian journals and of journals from other developing countries. Indian Science Abstracts was deliberately not used for this study, though its coverage of Indian journals is much wider, for the reason that it does not provides citations on papers published. The citations data (as on February 2004) was used for undertaking qualitative analysis of India's publications output.
For studying shift in citations on time series basis, three publications data sets, i.e., 1985-1986, 1993-1994, and 2001-2002 were used. The time interval between the sets is eight years, and each set comprises publications data from two contiguous years, instead of one year, as has been the trend in the past for conducting such type of studies. The study examines publications period from 1985 to 2005 for studying growth trends. Besides, the study has looked at metrics on publications from India in SCI and SCOPUS databases for comparative analysis.
The study used both absolute and relative indices such as (i) average impact factor (IF) per paper, (ii) average citation per paper, (iii) share of collaborative and international collaborative papers, (iv) activity index, and (v) composite quality index (CQI). The CQI is an integrated measure of quality and is derived by averaging the summation of four relative indicators: (i) relative IF index, (ii) relative citation index, (iii) collaborative index, and (iv) international collaboration index. Specialisation index (SI) is a relative indicator which measures the extent to which institutional share in the given sub-field compares with the country share in the same sub-field, normalised between 1 and -1. Further, SI values above 0.5 indicate that the level of specialisation of the institution is high, whereas values between 0.2 and 0.5 and between -0.2 and 0.2 indicate that institutional specialisation is above average or just average, respectively. (Fig. 1, Table 1 ).
GROWTH OF INDIAN S&T OUTPUT
The pace of country growth in S&T research publications is accelerating and its output is expected to touch 38,000 papers by 2010. Despite clocking faster publications growth rate in the later periods, India's world share did not show any significant change with time. Its world share marginally improved from 1.68 per cent to 1.77 per cent (as seen from SCI database) and from 2.03 per cent to 2.08 per cent (as seen from SCIE database) during 1993 to 2003 (Table 2 ).
India's growth rate as computed on publications data drawn from three different databases SCI, SCIE and SCOPUS has been found to differ. The five yearly average growth rate as computed on five yearly cumulative data was 6 per cent in SCI, and 8 per cent in SCIE during 1986-90 and 1991-95. It was 32 per cent and 33 per cent, respectively during 1991-95 to 2001-05. SCOPUS also showed 32 per cent growth rate during the same period (Table 3 ). 1996  11177  16486  19609  7628   1997  11067  16269  20197  9372   1981  13119  16064  1988  10208 14165  1998  12128  17740  20882  9543   1982  12124  14948  1989  10426 15180  1999  12521  18726  22255  9493   1983  12059  14325  1990  10103 14405  2000  12127  17501  22341 
ANALYSES AND RESULTS

Broad Publications Characteristics
Publications Output by S&T Sector
The institutions pursuing S&T research in India are categorised broadly as Institutes of National Importance (INI), Universities and Colleges, Missionoriented R&D, Industry and others. The institutions under the universities and colleges include universities, deemed universities, inter-university centres, general colleges, medical colleges, and special institutions.
Those under the mission-oriented R&D sector fall under the administrative and financial control of R&D agencies/departments as well as socio-economic ministries/departments of Central/State governments. The institutions under the industry sector include both private and public enterprises. Institutions classed as others derive their funds from international, private and non-profitable sources ( (Table 7) .
Mission-oriented R&D sector showed the fastest growth in publications output in 16 years (102.9 per cent), followed by INI (79.8 per cent), and Industry (72.2 per cent). The growth in universities and colleges sector (accounting for the largest institutional participation) showed the slowest growth (35.6 per cent) and well below the country average growth of 51.7 per cent (Table 6 ). Collaborative research has shown faster growth rate (729.6 per cent) than the country growth rate in S&T publications (51.78 per cent). Mission-oriented R&D sector has shown the fastest growth rate in collaborative research output (1017 per cent) compared to 102.9 per cent in total papers over 16 years, followed by universities and colleges (726 per cent compared to 35.6 per cent), INI (620 per cent, 79.8 per cent), respectively during the corresponding periods (Tables 8 and 9 ).
Growth in Collaborative Research
Collaborative research at national level is greater than that at international level as seen from publications count (Table 10) . It implies that attention in collaborative research at national level is greater than at international level. India's partnership with other countries for collaborative research had increased with time (from 70 to 96 and to 113 countries during 1985-86, 1993-94 and 2001-02, respectively). These countries include the USA and Canada (in North America), Germany, the UK, France, Italy, the Netherlands, Switzerland, 
Impact of Research Output
Institutional Productivity and their Ranking
The numerical strength of high productivity institutions in S&T in the country is very low. In all, only 24 institutions had been successful in publishing 300 or more papers each during the three study (Table 16 ).
JNCASR, Bangalore; TIFR, Mumbai; NCL, Pune; HYDEUH, Hyderabad; IISc, Bangalore; and IACS, Kolkata topped the list in terms of high citations per paper (9 or more citations per paper published during 1993-94). NCL, Pune; ANNAUM, Chennai; SINP, Kolkata; PGIMER, Chandigarh; DELHUD, Delhi; (Table 16 ).
Growth in Publications Output by Subject
Chemistry, physics, and engineering have been the leading areas of research in India and have shown consistent rising trend in publications output. Chemistry, however, was an exception, since it showed a small dip in 1993-94. India's combined publications share in these disciplines has increased from 56.5 per cent to 63.9 per cent over 16 years from 1985-86 to 2001-02 (Table 17) .
The national growth rate in these disciplines during the same period of 16 years has been (69. (Table 17 ). The decline in the publications share of agriculture in the national output may be attributed to the inadequate coverage of agricultural journals in the Web of Science. The national share in earth and environmental sciences remained stagnant. This discipline needs greater attention in view of Table 15 . Top high productivity institutions of S&T in India the challenges thrown by Tsunami, green house effect and other environmental changes taking place the world over. The decline and slow growth of publications in biology and mathematics, in spite of well-established departments and faculties (comparable to physics and chemistry) in large number of universities is a matter of concern. There is an urgent need to improve course contents and focus in research in both the fields. For example, changes in curriculum from traditional to modern biology, and from traditional mathematics to computational and applied mathematics may attract more research funds, and make this research more relevant to Indian biotechnology and computer industry and may help the students engaged in research in these fields in getting employment in India. Table 16 . IF, citations/paper and CQI of top high productivity institutions of S&T in India share, universities and colleges sector growth rate in publications output (35.7 per cent) has been below the country average (51.7 per cent), and secondly its publications share has been declining. In contrast, all other S&T sectors showed consistent rise in their publications share. Evidently, universities and colleges sector needs to be strengthened for better performance in S&T research.
FINDINGS
Collaborative research has been found to influence both the quantity and quality of research output in the country. Collaborative share of the country output has shown significant rise from 7. . Compared to other developing countries like China, Brazil and South Korea, India's world share in S&T publications is still very low. If India has to catch up with these countries, it has to evolve strong and effective strategies aiming at still higher publications growth rate.
Among the various sectors, universities and colleges sector is the largest in the country in terms of publications output and institutional participation in S&T research. Mission-oriented R&D sector ranks second followed by INI, and industry sector. Despite its largest institutional participation and publications research has shown faster growth over 16 years (729.6 per cent) than the country growth in S&T (51.78 per cent). Mission-oriented R&D sector has shown the fastest growth in collaborative research (1017 per cent over 16 years), followed by universities and colleges (726 per cent over 16 years), INI (620 per cent over 16 years) during the corresponding period 1985-86 to 2001-02. Collaborative research activity at national level is greater than that at international level. India's collaborative research with the Europe and Asia is on the rise while with North America (USA and Canada) it is on the decline.
India spreads its research output in far too many journals, leading to low concentration of papers per journal and hence to their low visibility. This practice of reporting papers in far too many journals could be one of the reasons for India's low citations impact. There is an urgent need to motivate scientists to publish mostly in specialised and high impact journals. Data reveal that citations received per paper have been on the rise for the Indian research output published in foreign journals and declining for the papers published in Indian journals. India holds the potential to give higher growth in S&T in the next 10 years. Given its infrastructure and the skilled and sizeable manpower engaged in R&D, the current growth in publications by India is indeed too low and much below its overall potential. The country must plan for catalysing higher publications growth at least to catch up with leading developing countries in next 10 years. For catalysing growth and quality in research output, efforts may be made to improve and nurture creativity of individuals and teams, may be by catching talent at young age, organising training programs, and rewarding team efforts and by creating sophisticated instrument facilities in low and medium productivity institutions.Given their qualitative and quantitative performance in the publications output, the INI and Inter-University centers seem to be the effective models for influencing research activity in the country.
CONCLUSION
The country must draw out long-term and shortterm plans for R&D developments in the country. It needs to organise goal-oriented and need-based programmes at the national and institutional level. New programmes needs to be initiated in the country to encourage greater institutional participation, greater collaboration in research at national and international level, attract young talent into science, organise inservice training of staff in creative and innovation ideas, and set-up sophisticated instrument facilities for S&T education and research in the country.
Special attention needs to be given to the universities and colleges to enhance their quantity and quality of research output. This can be done by further improving the universities and colleges sector in terms of the technical and computing infrastructure, course-content, teaching methods, faculty development in newer fields, allocation of funds in highly specialised areas, creating better linkages with R&D and other sectors, and by attracting new and bright talent at masters and doctoral level. This must be accompanied by strict criteria for the selection of students for PhD programmes and their evaluation for the degree and in faculty evaluation for time scale promotion. At least one or two papers in a peer-reviewed journal may be made mandatory for every doctoral thesis, to enhance the growth of Indian research output.
There is an urgent need to strengthen linkages between low, medium and high productivity institutions within their own geographical regions. This would also enable the low and medium productivity institutions to benefit from the rich experiences of high productivity institutions, and use their equipment and facilities available in specific fields. Also, there is a need to change methods of deciding priorities for allocation of funds, particularly the extra-mural funds given by research agencies, and also the priorities for awarding research contracts. An element of competition should be brought into the bidding of funds for large-scale projects. There is strong need to strengthen the monitoring and evaluation system, particularly in the universities and colleges and also in other institutions to ensure that their research output is reported mainly in medium and high impact journals. Strict evaluation measures needs to be evolved for ensuring good quality output from PhD work and from the projects funded by national agencies. Higher budget allocation at the institutional level, for hiring doctoral and post-doctoral students may also increase the research output.
The country needs a much better regional distribution of resources, in terms of funding support for creating infrastructure, so that even low productivity states are able to contribute higher. Develop new institutes and strengthen existing ones especially in the low productivity states on the model of INI. There is a strong and urgent need to develop an effective research strategy to enhance the country performance in S&T research for quality and quantity by strengthening the existing institutes in the low and medium productivity states, as well as opening up new institutes in such states. There is a strong and urgent need to evolve new and effective strategies to improve research productivity in medium productivity areas such as agriculture science, biology, basic life sciences, clinical medicine, biomedical sciences and earth and environment science, as well as in low productivity areas, such as mathematics and computer sciences.
There is a need to draw out plans for encouraging scientists to publish in select high-impact journals. High speciality journals are not being published in the country in large number. Such journals have special importance in arresting India's outflow into foreign journals. The quality of Indian journals may also be improved by strengthening their peer-reviewing system and making them more specialised. There is a need to review and strengthen current arrangements for international collaboration in science and technology with developed and developing countries. India's collaborative research with countries like the USA, UK, Russia, and Canada is on decline and with countries like Germany, France, the Netherlands and Spain is on the rise. New initiatives are needed to strengthen the India's collaboration both with developed and developing countries. Dr S.M. Dhawan is a senior member of the library profession having special interests in areas such as special library management, library applications of information technology, and scientometric studies. Currently, he is serving the profession as library and information consultant. Formerly, he was Scientist F and Head, Library and lnformation Services, National Physical Laboratory. Dr Dhawan designed, developed, and hosted the website of the National Physical Laboratory. He has to his credit several papers published in national and international journals.
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